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Tbjective: Cusp prolapse may be an isolated cause of aortic regurgitation or may
xist in conjunction with dilatation of the proximal aorta. Prolapse can be corrected
y central plication, triangular resection, or pericardial patch implantation. We
etrospectively analyzed our results with these techniques.
ethods: From October 1995 to December 2006, 604 patients (aged 3–86 years)
nderwent aortic valve repair. Cusp prolapse was found in 427 patients (246
ricuspid, 181 bicuspid). Prolapse was corrected by central plication (n  275) or
riangular resection (n  80). A pericardial patch was implanted for pre-existing
usp defects or after excision of calcium (n  72). One cusp was repaired in 198
atients; the remaining patients underwent repair of 2 (n 189) or 3 cusps (n 40).
n 102 patients more than one technique was used, and the patients were allocated
o the group of the assumedly more complex repair (central plication  triangular
esection  pericardial patch plasty). Cumulative follow-up was 1238 patient-years
mean 35  27 months).
esults: Hospital mortality was 2.6% (11/427). Actuarial freedom from aortic
egurgitation of grade II or more at 5 years was 92% (central plication), 90%
triangular resection), and 90% (pericardial patch plasty). Thirteen patients were
eoperated on, with prolapse as the most common reason for failure (n  7); 6
nderwent re-repair. Freedom from reoperation at 5 years was 95% (central plica-
ion), 94% (triangular resection), and 94% (pericardial patch plasty). Freedom from
alve replacement at 5 years was 97% (central plication), 99% (triangular resection),
nd 98% (pericardial patch plasty).
onclusions: In aortic valve repair, cusp prolapse can be treated reliably by
entral plication. In the presence of more complex disease, triangular resection
r pericardial patch plasty may be used without compromising midterm
urability.
he success with valve-sparing aortic replacement has revived the interest in
aortic valve (AV) repair. The traditional application of valve-sparing surgery
has been in patients with normal aortic cusps. Cusp prolapse, however, may
e present in conjunction with aortic dilatation1-3 and cusps may actually be
eformed owing to chronic aortic dilatation.4
Cusp prolapse is also a frequent cause of aortic regurgitation (AR) without
ilatation of the aortic root,5 in both bicuspid and tricuspid AV anatomy. In these
atients, correction of cusp geometry is the primary goal of AV repair. Plication of
he free cusp margin has been performed in the paracommissural zone.6-8 We have
referred central plication (CP) of the free cusp margin for correction of prolapse in
oth bicuspid and tricuspid anatomy. We have consistently applied this technique in
he presence of normal root dimensions and in conjunction with valve-preserving
ortic replacement.3,9
he Journal of Thoracic and Cardiovascular Surgery ● Volume 134, Number 6 1533
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1
A
CDTriangular resection (TR) of cusp tissue was described
y Carpentier10 and systematically used by others for repair
f regurgitant bicuspid and tricuspid AVs.6,7, 11 A later
nalysis, however, identified TR as a risk factor for second-
ry failure and reoperation.12
Pericardial patch (PP) insertion for AV repair was first
sed by Ross13 in 1963 and has been used for cusp replace-
ent or extension in rheumatic and congenital AV dis-
ase.14-17 Few long-term results have been published, but
lutaraldehyde-treated pericardium appears to be a stable
ubstitute for aortic cusps.18 Pericardium can also be used to
tabilize aortic cusps that prolapse in the presence of con-
enital fenestrations, and it may also be used for correction
f defects after excision of a calcified raphe in prolapsing
icuspid valves.
Of these techniques, CP of the cusp margin appears to be
he least complex technique, and it allows for stepwise
djustment of cusp geometry. TR involves a higher level of
urgical judgment regarding extent of resection, and it car-
ies the risk of suture line dehiscence. Partial replacement of
usp tissue includes, by definition, a longer suture line, and
here are possible concerns regarding midterm stability and
reedom from calcification of the implanted pericardium.
Currently there are no data from any single surgical
roup comparing these techniques of cusp repair. We there-
ore analyzed our results with these techniques.
atients and Methods
atients
rom October 1995 to December 2006, 604 patients (aged 3–86)
nderwent AV repair. Patients who did not require cusp repair in
onjunction with valve-preserving surgery and patients with primary
usp retraction, active endocarditis, or predominant stenosis were
xcluded. Cusp prolapse requiring correction was found in 427 pa-
ients, and these patients are the subject of the current investigation.
ata were collected prospectively and analyzed in a retrospective
ashion.
In 140 of these patients root dimensions were normal, and in
87 individuals dilatation of the aorta was present. Aortic dilata-
ion was corrected by supracommissural aortic replacement (n 
1) or root replacement (n  196) by either root remodeling (n 
86) or AV reimplantation (n  10).
Preoperative AR was grade II in 25%, grade III in 59%, and
rade IV in 16%. The primary indication for the operation was
Abbreviations and Acronyms
AR  aortic regurgitation
AV aortic valve
CP  central plication
PP  pericardial patch
TR  triangular resectioncute dissection in 28 patients, ascending aortic aneurysm in 119 e
534 The Journal of Thoracic and Cardiovascular Surgery ● Decatients, AR in 266 patients, mitral regurgitation in 10, and coro-
ary artery disease in 4 patients.
urgical Technique
he ascending aorta was opened by a transverse aortotomy or
ompletely transsected 5 to 10 mm above the commissures. The
ortic root was placed under radial tension by stay sutures placed
n each commissure. The cusps were carefully inspected for con-
enital fenestrations or postendocarditic defects or the presence of
brosis or calcification. The relative lengths of the different free
usp margins were compared with each other. In the most recent 2
ears, we additionally measured the height difference between the
entral free margin and the lowest point of the aortic insertion of
ach cusp (ie, effective height).19
Prolapse was initially defined as a difference in the central
eight of a free margin relative to the other margin(s) of 2 mm or
ore. In the past 2 years, an effective height of less than 7 mm has
een considered as an indicator of prolapse. Prolapse was common
n the congenitally fused cusp of bicuspid AVs (n  61). Another
requent finding of prolapse was prolapse in conjunction with
orrection of aortic dilatation (bicuspid AVs, n  120; tricuspid
Vs, n  167). Prolapse associated with cusp fenestrations was
een in tricuspid (n  28) and in bicuspid AVs (n  8). Concom-
tant cusp fibrosis or calcification was found in 116 valves (bicus-
id, n  101; tricuspid, n  15).
For correction of prolapse, plication of the central portion of the
ree margin (CP) was performed as the preferred technique with
ingle 5–0 or 6–0 Prolene sutures (Ethicon, Inc, Hamburg, Ger-
any). Depending on the extent of prolapse, 1 to 5 plication
titches were placed in a stepwise fashion until an adequate cusp
onfiguration was achieved.
In the presence of marked tissue redundancy (10 mm) or
ense fibrosis/calcification in the raphe of a bicuspid AV, a TR was
hosen. A limited central resection of cusp tissue was performed,
nd the remaining tissue was readapted by interrupted stitches
6–0 Prolene sutures).
If the resulting tissue defect after TR was too large to allow for
irect readaption, a PP patch was inserted. Autologous pericar-
ium for cusp reconstruction was also used in the presence of
ongenital fenestrations (n  36). A piece of pericardium was
xed on a piece of cardbord with hemoclips, pretreated for 2 to 3
inutes in 1% glutaraldehyde solution, and rinsed in saline for 5
inutes. A patch of adequate size was cut and sutured into the
efect with a running suture.
Independent of the type of cusp repair used, we aimed to
chieve an identical height of the free margins, and in the past 2
ears an effective height of 7 to 8 mm in tricuspid and 8 to 10 mm
n bicuspid AVs.
Twenty-eight patients were operated on under emergency con-
itions for type A dissection. Sixteen patients had previous cardiac
urgery, and 10 patients had Marfan syndrome. Eighty-seven pa-
ients had concomitant coronary artery disease, and 39 had mitral
egurgitation. Of 287 patients with aortic dilatation, 106 had con-
omitant dilatation of the aortic arch. Additional procedures were
oronary artery bypass surgery (n  87), mitral valve repair (n 
9), and partial (n  87) or total (n  19) arch replacement.
All patients were studied intraoperatively by transesophageal
chocardiography. The degree of AR was determined primarily by
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A
CDhe size of the regurgitant jet assessed by color Doppler and the
ownward slope of the continuous-wave Doppler.20 All patients
ere studied at least once before discharge, that is, between
ostoperative days 5 and 7. Further transthoracic echocardiograms
ere performed at 6 and 12 months and yearly thereafter. Fol-
ow-up was complete in 97% of patients and ranged from 1 to 133
onths (mean 35  27 months) for a cumulative follow-up of
238 patient-years.
tudy Groups
he patients were divided into three groups according to the used
epair technique (i.e. CP, TR, and PP). If different techniques were
sed in one valve at different cusps, the more complex repair
rocedure determined the group allocation according to the com-
lexity of the repair (CP  TR  PP).
tatistical Analysis
ll data are presented as mean  standard deviation. Statistical
nalysis included comparison of parametric and continuous
ariables between the groups by 1-way analysis of variance.
aplan–Meier curves were calculated for freedom of relevant
egurgitation, freedom from reoperation, and freedom from valve
eplacement with a commercially available software package
Prism; GraphPad Inc, San Diego, Calif). The curves were com-
ared between the groups by the Mantel–Haenszel log–rank test.
esults
n 246 tricuspid AVs, prolapse was corrected on one (n 
29), two (n  77), and three (n  40) cusps. In 181
icuspid AVs, prolapse was corrected on one (n  69) and
wo (n  112) cusps. In 102 cases more than one technique
as used. Of all patients, 275 were allocated to CP, 80 to
ABLE 1. Demographic data of patients with cusp prolaps
CP
ge (y) 58
ender (M/F) 1
icuspid AV (n) 70
ADA (n) 27
R (grade) 2
revious cardiac surgery (n) 13
arfan (n) 10
ABG (n) 68
itral valve repair (n) 33
rch replacement (n)
Partial 76
Total 18
PB time (min) 10
PB (min) for isolated AV repair 51
ortic crossclamp time (min) 69
ortic crossclamp time (min) for isolated AV repair 32
P, Central plication; TR, triangular resection; PP, pericardial patch; AV, ao
oronary artery bypass grafting; CPB, cardiopulmonary bypass.R, and 72 to PP. d
The Journal of ThoracicThe groups were not directly comparable with respect to
everal of the clinical data analyzed (Table 1). Patients were
lder in the CP group (58  17 years) compared with the
R (49 16 years) or PP groups (52 18 years; P .001).
oncomitant procedures were more frequent in CP (aortic
oot replacement, P .001; coronary artery bypass grafting,
 .01). Most important, the techniques required for valve
econstruction included significantly less frequent use of TR
nd more CP for cusp repair in tricuspid AVs. Cardiopul-
onary bypass time and ischemia were longer for PP in-
ertion than for CP or TR (P  .017; P  .0001).
Hospital mortality for all patients was 2.6% (11/427).
ortality for isolated AV repair without any other surgical
rocedure was 1.2% (1/86). Nine patients died after AV
epair with CP (9/275, 3.3%). Two of these patients had
ndergone surgery for acute dissection; 6 patients had con-
omitant coronary artery disease, 2 of them with previous
oronary bypass surgery. Two patients died after AV repair
ith TR (2/80, 2.5%). The causes of death were sepsis (n
) or mesenteric ischemia (n  4) with multiple organ
ailure, ventricular arrhythmia (n 1), liver failure (n 1),
nd left ventricular failure (n  3). The latter 3 had con-
omitant coronary artery bypass surgery, 1 as a redo
peration.
No patient died after PP plasty, and no death was related
o dysfunction of the reconstructed AV.
Survival at 5 years was 91% after CP, 99% after TR, and
9% after PP (P  .06). There were 2 episodes of throm-
oembolism (CP 1, PP 1) within 6 weeks postoperatively in
onjunction with intermittent atrial fibrillation. Endocarditis
275) TR (n  80) PP (n  72) P value
7 49  16 52  18 .001
69/11 62/10 .001
) 74 (93%) 37 (51%) .0001
0 1 .0012
.7 2.80.6 3.00.7 .58
0 3 .14
0 0 .06
6 13 .003
3 3 .02
5 6 .0001
0 1 .02
40 81  27 81  26 .0001
6 53  16 61  14 .017
6 58  23 61  21 .0006
3 34  10 44  11 .0001
lve; AADA, acute type A aortic dissection; AR, aortic regurgitation; CABG,e
(n 
 1
89/86
(26%
.80
1 
 1
 2
 1
rtic vaeveloped early postoperatively in 2 patients (CP 1, PP 1),
and Cardiovascular Surgery ● Volume 134, Number 6 1535
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1
A
CDesulting in a linearized incidence of endocarditis of
.16%/patient-year.
Thirteen patients required reoperation (CP 6, TR 5, PP 2)
or suture dehiscence (n  2), secondary root dilatation (n
1), and cusp retraction (n  1). The 2 individuals who
ad endocarditis were reoperated on within the first postop-
rative year after healing of endocarditis. In all other pa-
ients (n  7) prolapse was the reason for reoperation. In 6
atients the valve was re-repaired, including the 2 with
uture dehiscence. Freedom from reoperation at 5 years was
5% (CP), 94% (TR), and 94% (PP; P  .3; Figure 1).
reedom from valve replacement at 5 years was 97% (CP),
9% (TR), and 98% (PP; P  .9).
Residual AR grade II was found in 11 patients at dis-
harge, in an additional 11 within the first year, and in 4
uring subsequent follow-up. Actuarial freedom from AR
rade II or more at 5 years was 92% (CP), 90% (TR), and
0% (PP; P  .99; Figure 2). Of the 11 patients who had
R grade II at discharge, 7 had to be reoperated on within
he first year and an additional 4 within the first 5 years. Of
he additional 11 individuals who left the hospital with AR
ess than grade II but had grade II at 1 year, only 1 had to
e reoperated on within the first 5 years. The other patients
ave remained in stable condition. Development of AR
rade II early postoperatively is a risk factor for reoperation.
Within the PP group there was no difference regarding
alve stability if the patch was used for closing fenestrations
r partial replacement of cusps (P  .40). There was no
ifference in valve stability after the different repair proce-
ures for repair of bicuspid or tricuspid AVs (CP, P  .7;
R, P  .5; PP, P  .6). Overall freedom from AR grade
I or more at 5 years was 90% in both anatomic variants
Figure 3). We found an influence of preoperative degree of
R on valve stability. Freedom from AR of grade II or more
fter 3 and 5 years was 97% and 92% for preoperative AR
rade II, 93% for preoperative AR grade III, and 86% and
5% for preoperative AR grade IV (P .02). Freedom from
eoperation after 3 and 5 years was 99% for preoperative
R grade II, 96% and 93% for preoperative AR grade III,
igure 1. Freedom from reoperation after the three different cusp
epair techniques.nd 91% for preoperative AR grade IV (P  .09). b
536 The Journal of Thoracic and Cardiovascular Surgery ● Deciscussion
usp prolapse of the AV is a common cause of AR in
icuspid and tricuspid AVs. The true incidence is difficult to
udge because currently there is no clear definition of pro-
apse and consequently information regarding its frequency
nd causes is limited.5 Cusp prolapse can occasionally be
isualized by 2-dimensional echocardiography, but its rec-
gnition by color flow Doppler jet is probably more reliable.
ure annular dilation or cusp restriction is associated with
entral jet direction and origin, whereas any eccentric re-
urgitant jet suggests cusp prolapse.21,22
Cusp geometry is also difficult to judge intraoperatively.
usp dimensions in relation to sinus dimensions determine
he configuration of the AV, and the exact dimensions are
ifficult to measure.4 To find an easier parameter, we intro-
uced measurement of the effective height, as the height
ifference between the central free margin and the aortic
nsertion lines.19 A caliper allows easy and reproducible
easurement of the effective height of the cusps. We have
ound this approach particularly helpful in patients with
rolapse of more than one cusp.
In case of limited cusp prolapse, we used plication
titches in the central portion of the free edge of the cusp
CP technique). The concept of paracommissural plication
as been used particularly in AR associated with ventricular
igure 2. Freedom from aortic regurgitation of grade II or more
fter the three different cusp repair techniques.
igure 3. Freedom from aortic regurgitation of grade II or more in
icuspid and tricuspid aortic valves (all repair techniques com-
ined).
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A
CDeptal defects.23,24 Trusler and associates25 reported a series
f 70 patients with a 10-year freedom from valvuloplasty
ailure and freedom from reoperation of 76% and 85%,
espectively. In contrast, we always use CP sutures, which
ere possibly first used in 1961 by Spencer, Bahnson, and
eill.26 The differential stress distribution at the cusp free
dge shows maximal stress near the commissure and min-
mal stress near the central portion of the free edge and
herefore favors CP.27 Compared with the paracommissural
pproach, our results for CP show better valve stability with
0% freedom from AR grade II or more and 95% freedom
rom reoperation at 10 years. In addition, the stepwise
lacement of plicating sutures appears reasonable, because
vercorrection can be reversed easily by removal of the last
uture. We have not encountered late sequelae of these
utures, such as calcification in plicated areas of the free
argin or torn out sutures after CP.
In the presence of a more extensive prolapse, we have
erformed a triangular resection (TR) to avoid excessive
ulging of plicated cusp tissue. Its advantage over simple
lication in this setting is unclear. TR is definitely necessary
n case of dense fibrosis or calcification, where plication
annot be performed. This is rare in tricuspid AVs, but
ommon in bicuspid AVs with a fibrosed or calcified me-
ian raphe. Haydar and colleagues,6 who performed TR in
1 patients, found recurrent AR in 3 patients with the need
or reoperation (27%). No details about valve anatomy and
easons for failure are given in this publication.6 TR of cusp
issue appeared as a risk factor for repair failure in bicuspid
Vs in an analysis from the Cleveland Clinic, with 14%
9/66) of patients requiring reoperation.12 We observed a
ow failure rate of 6% (5/80) after TR. A reason for this
ifference may be that we frequently corrected prolapse of
oth cusps in bicuspid AVs (112/181  62%), whereas
asselman and colleagues12 apparently corrected only one
usp and therefore may have underestimated existing cusp
athology.
We used pericardial patch (PP) insertion for closure of
ongenital fenestrations that had led to cusp prolapse to
rovide better stress distribution in the paracommisural
one. Others have used a polytetrafluoroethylene suture
Gore-Tex suture; W. L. Gore & Associates, Inc, Flagstaff,
riz) placed in the free margin for stabilization.28 Currently,
o data on durability of the latter approach are available.
nasmuch as almost all of our valves repaired in such a way
ave remained stable, our current approach appears to be a
ood and reproducible option.
Another indication for PP insertion has been partial cusp
eplacement after TR if the resulting tissue defect was too
arge for direct readaption. Cusp replacement by pericar-
ium has been performed before for several indications.
lsoufi and associates17 used cusp extension with pericar-
ium for congenital AV disease and reported a 5-year a
The Journal of Thoracicreedom from valve replacement of 75%. Pretre and col-
eagues29 used pericardium for tricuspidalization of regur-
itant bicuspid AVs with a follow-up of less than 4 years.
olan and associates30 also used pericardium for tricuspi-
alization in stenotic bicuspid AVs, but again the follow-up
as short with a maximum of 60 months. Al-Halees and
ssociates18 used a single strip of pericardium for extension
r replacement of all three aortic cusps in mixed AV disease
nd reported a good durability of autologous pericardium
ith freedom from structural valve degeneration of 80% at
0 years. With our limited follow-up—72 months of longest
ollow-up and a mean of 22  18 months—our results are
imilarly good with a freedom from reoperation at 5 years of
4%. Further follow-up will determine the role of pericar-
ium in AV reconstruction.
Despite the overall encouraging good results of cusp
epair, we encountered 13 failures requiring reoperation. In
ost patients (n  7) a residual prolapse was already seen
arly postoperatively in conjunction with improved but per-
isting AR. Its degree increased over time and ultimately led
o reoperation. In retrospect, these valves were undercor-
ected and failure may have been prevented by more ag-
ressive surgery at the time of initial cusp repair. The initial
eoperations were performed as valve replacement (n  3).
ore recently, and with better recognition of prolapse, we
ave been able to re-repair these valves (n  4). Actual
epair failure, for example, suture breakdown, was rare (n
: 2 hours postoperatively and 9 days). In both instances,
R with direct suture had been performed initially. Possi-
ly, restricted cusp motion and excessive tension contrib-
ted to suture dehiscence in both instances. In both patients
he valve could be re-repaired by implantation of a pericar-
ial patch, and both continue to have stable function in the
ollow-up. Partial cusp replacement thus may reduce ten-
ion on the suture line.
The major limitation of the current investigation is the
act that the three techniques for cusp repair are not directly
omparable, and they were used for different pathologic
onditions. In a calcified cusp, for example, simple CP is not
ossible, whereas in the presence of pliable cusp tissue,
obody would consider PP insertion. With pliable cusp
issue and a larger prolapse, one can consider either CP or
R, but it appears advisable to decide for the least complex
echnique. Consequently, the three patient groups are not
imilar and comparable. On the other hand, it was not our
oal to compare patient-related variables, but simply rela-
ive durability of the repair techniques. In addition, our
efinition of prolapse changed over time. To improve re-
roducibility and decrease the influence of subjective sur-
ical judgment, we introduced the measurement of the ef-
ective height.19 Most important, the intraoperative
etermination of this surrogate of cusp configuration has
llowed us to avoid the generation of symmetric prolapse,
and Cardiovascular Surgery ● Volume 134, Number 6 1537
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1
A
CDhich was a reason for reoperation in 7 patients. We have
ound this particularly helpful in the last 140 repairs.
Finally, this is a retrospective and nonrandomized anal-
sis. From a scientific standpoint, a prospective randomized
rial comparing different cusp repair procedures would be
referable. Longer follow-up will be necessary to confirm
he present results.
Correction of cusp prolapse is possible by different tech-
iques, such as plication of the free margin and TR of
edundant cusp tissue. All techniques have worked similarly
ell in our hands with comparable midterm results. Even
ore complex cusp repair is possible with autologous peri-
ardial tissue, allowing for correction of congenital or ac-
uired defects or resection of limited calcifications. This has
een feasible without compromising midterm valve stabil-
ty. All techniques can be used, provided that adequate cusp
onfiguration can be achieved. Longer follow up will be
ecessary to judge the long-term results of the different
echniques.
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iscussion
r Christopher M. Feindel (Toronto, Ontario, Canada).
hank you very much, Dr Aicher. I have a couple of
uestions. Did you discover any relationship with what you
aw at surgery, that is, any residual AR right at the time of
urgery? Was there a relationship between those patients
nd the late failures and could you draw any conclusions
rom those observations?
Dr Aicher. We saw a few patients who had AR early
ostoperatively, and those patients showed increasing AR
ver time and were reoperated on later.
Dr Feindel. I noticed that approximately two thirds of
our patients had aortic root surgery. I am assuming that
as the primary reason for the surgery. Did those patients
ave a different failure mode down the road as compared
ember 2007
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Aicher et al Surgery for Acquired Cardiovascular Diseaseith the patients in whom there was primarily a leaflet
roblem?
Dr Aicher. We had 196 patients with a root procedure in
hat study. Comparing the results of patients having a root
rocedure with those having no root procedure shows that
he results are indeed better for those who had a root
rocedure, with a freedom from reoperation at 5 years of
7% compared with 90% without a root procedure. We had
reoperation owing to secondary root dilatation; all the
ther reoperations were due to cusp problems.
Dr Feindel. My final question relates to your use of the
ffective leaflet height and the little measuring instrument
hat I saw in the article. Did you find that this was very
elpful or did you find, like many of us who are involved
ith valve-sparing procedures, that often it is really an
yeballing technique? In other words, should we all go out
nd buy this device?
Dr Aicher. The recognition of cusp prolapse is mainly
ependent on surgical judgment and is thus subjective by
efinition. Prolapse of one or two cusps may be recog-
ized by comparing the cusp free margins, but the rec-
gnition of prolapse of all cusps is much more difficult.
hat was the reason why, in the beginning when we
tarted repairing AVs, trileaflet prolapse was the criterion
o replace the valve. Since we measure the effective
eight, we have a more objective tool for cusp configu-
ation. We are now able to better recognize and also treat
trileaflet prolapse. From my point of view, the effective
eight should not replace eyeballing but rather support it,
specially in a symmetrical prolapse. Moreover, it should
mprove standardization of AV repair. Another advantage
f effective height is that it can be measured intraoper-
tively as well as by echocardiography. In a retrospective
cho analysis, we found an inverse correlation between
he effective height and valve stability. Patients with an t
The Journal of Thoracicffective height of 7 to 10 mm show a stable result,
hereas patients with an effective height lower than 7
m show increasing AR. This observation emphasizes
he importance of the effective height.
Dr Feindel. Thank you for a terrific paper. Even though
he follow-up is a little bit soon, I think we are all going to
ook forward to seeing your long-term follow-up.
Dr Michael K. Banbury (Newark, Del). It is not unusual
n patients who have tricuspid AVs to see some separation
etween the AV annulus and the aorta in the right coronary
usp. In fact, sometimes we even see some of the right
entricular muscle through that thin veneer. Did you note
hat in your patients and in the operative notes? If so, was
hat a risk factor for the 7 patients who had early recurrence
f cusp prolapse?
Dr Aicher. I really did not know that problem, did not
ee it in the echocardiograms, and did not know that it is a
isk factor for reoperation in our series.
Dr Gosta B. Pettersson (Cleveland, Ohio). I very much
njoyed your paper and the concept of effective height. I
ave a question regarding the bicuspid valves and your
efinition of normal cusp configuration in relation to the
onjoint cusp.
The conjoint cusp of a bicuspid valve is composed of two
omponents, two incompletely fused cusps with a raphe in
ost of the cases, and it is seldom that you have a prolaps-
ng cusp, which you can repair to give it the configuration a
ormal cusp. You end up with some kind of compromise.
y thought actually goes in the direction of the postrepair
unction of this valve with regard to doming of the valve
nd residual gradient and the relation between elimination
f AR versus giving these patients some degree of stenosis
nd higher postrepair gradient. That is really what it relates
o.
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